Tunupa volcano is a composite cone in the central Andean arc of South America located ~115 km behind the arc front. We present new geochemical data and 40 Ar/ 39 Ar age determinations from Tunupa volcano and the nearby Huayrana lavas, and we discuss their petrogenesis within the context of the lithospheric dynamics and orogenic volcanism of the southern Altiplano region (~18.5°S-21°S). The Tunupa edifice was constructed between 1.55 ± 0.01 and 1.40 ± 0.04 Ma, and the lavas exhibit typical subduction signatures with positive large ion lithophile element (LILE) and negative high field strength element (HFSE) anomalies. Relative to composite centers of the frontal arc, the Tunupa lavas are enriched in HFSEs, particularly Nb, Ta, and Ti. Nb-Ta-Ti enrichments are also observed in Pliocene and younger monogenetic lavas in the Altiplano Basin to the east of Tunupa, as well as in rear arc lavas elsewhere on the central Andean Plateau. Nb concentrations show very little variation with silica content or other indices of differentiation at Tunupa and most other central Andean composite centers. We propose that this distinct compositional domain reflects an amphibole-and/or phlogopite-rich mantle lithospheric source. Breakdown of these minerals during lithospheric delamination may provide a melting trigger for Tunupa, as has been suggested for other rear arc plateau lavas of the central Andes, and for plateau regions globally. The ca. 11 Ma Huayrana lavas indicate that this process had begun in the central Altiplano Basin by this time. The enriched Nb-Ta-Ti signature of plateau lavas may be an important indicator of hydrous mineral breakdown within the mantle lithosphere, and it can be detected in lavas that that have likely experienced crustal contamination.
INTRODUCTION
The central Andean Plateau (Altiplano-Puna) of western South America (14°S-28°S) is the only modern geologic setting on Earth where subduction of an oceanic plate beneath a continent has led to the formation of a major continental plateau (Isacks, 1988) , surpassed in elevation and extent only by the Tibetan Plateau (continentcontinent collision). This apparent plate-tectonic paradox has been the focus of numerous studies seeking to understand the processes of its formation and evolution (e.g., Allmendinger et al., 1997; Lamb and Davis, 2003; Garzione et al., 2006; Oncken et al., 2006; Barnes and Ehlers, 2009; Faccenna et al., 2013) . Whereas active subduction has resulted in frontal arc volcanism along the western edge of central South America for much of the past 200 m.y. (James, 1971; Davidson et al., 1991; Haschke et al., 2002) , the sources and processes involved in producing the abundant mid-to late Cenozoic rear arc magmatism, hundreds of kilometers east of the frontal arc, remain poorly understood (Davidson and de Silva, 1992; Kay and Kay, 1993; Trumbull et al., 2006; Hoke and Lamb, 2007; Kay and Coira, 2009; Mamani et al., 2010) .
Rear arc magmatism in the central Andes may be closely related to the processes of plateau formation, as suggested by the close spatial, and temporal, correlation between crustal thickening and volcanic vent distribution (e.g., Allmendinger et al., 1997; Trumbull et al., 2006) . Based largely on seismic studies that suggest a dominantly felsic crustal composition and lower than expected thicknesses of mantle lithosphere in this region of intense crustal shortening (Whitman et al., 1996; Myers et al., 1998; Beck and Zandt, 2002; Yuan et al., 2002; McQuarrie et al., 2005) , many researchers have argued for an important role for density-driven removal (delamination) of varying amounts of the mafic lower crust and mantle lithosphere beneath the central Andes. Although a magmatic response to lithospheric removal is generally expected in orogenic zones such as the central Andes (e.g., Kay, 1991, 1993; Elkins-Tanton, 2005) , the petrogenetic sources and melting triggers are a matter of considerable debate (Kay et al., 1994; Davidson and de Silva, 1995; Hoke and Lamb, 2007; Jiménez and López-Velásquez, 2008; Drew et al., 2009; Kay and Coira, 2009; Ducea et al., 2013) . In this study, we present new 40 Ar/ 39 Ar and whole-rock elemental data for the composite rear-arc Tunupa volcano of the Bolivian Altiplano, and we evaluate these data within the context of regional plateau volcanism. We find that Tunupa and regional rear arc lavas are enigmatically enriched in NbTa-Ti in relation to lavas of the arc front, and we propose that this enrichment is ultimately derived from the breakdown of hydrous minerals (amphibole, phlogopite) within the delaminating mantle lithosphere. Nb-Ta-Ti-rich lavas are also found in the Tibetan Plateau, and we suggest that this geochemical signature may be an important reflection of magmatism associated with plateau formation globally.
www.gsapubs.org | Volume 7 | Number 2 | LITHOSPHERE center of the Altiplano Basin of Bolivia, ~115 km east of the Pleistocene frontal arc of the Western Cordillera, ~115 km west of the fold-and-thrust belt of the Eastern Cordillera, and ~175 km above the subducting Nazca plate. Despite its rear arc location, Tunupa shares broad geomorphological similarities with the composite centers of the frontal arc, including edifice height (1.8 km), summit elevation (5.4 km), cone diameter (15 km), and eruptive volume (~84 km 3 ). Tunupa is deeply eroded on its east-southeastern flank, where glacial and volcaniclastic sediments form a depositional apron around much of the edifice. Its central peak is extensively hydrothermally altered with abundant sulfur visible in aerial photographs. A series of morphologically distinct domes located on the eastern flanks overlie flows of the main Tunupa edifice (Fig. 3) . Small-volume pyroclastic deposits of unknown depth crop out within the drainages of the northern flank (Fig. 3) . Two K-Ar ages (1.8 ± 0.2 Ma [biotite] and 2.5 ± 0.5 Ma [plagioclase]) were reported in a regional study by Baker and Francis (1978) , who also reported an 11.1 ± 0.4 Ma whole-rock K-Ar age for the Huayrana lavas located less than 3 km to the east of Tunupa (Figs. 2 and 3) . No other geochemical or geochronologic data were available for Tunupa or Huayrana prior to this study.
REGIONAL CENOZOIC REAR ARC MAGMATISM
Widespread rear arc volcanism began in the central Andes between ca. 30 and 25 Ma, following ~10 m.y of intense crustal shortening and relative volcanic quiescence (James and Sacks, 1999; Trumbull et al., 2006) . Miocene and younger ignimbrites, stratovolcanoes, monogenetic structures, and intrusive units are widely distributed in the central Andean rear arc region of Peru, Bolivia, and Argentina (for reviews, see Jiménez and López-Velásquez, 2008; Barnes and Ehlers, 2009; Mamani et al., 2010; Kay and Coira, 2009 ). Miocene and younger, rear arc, large-volume, silicic ignimbrite fields such as Morococala, Los Frailes, Altiplano-Puna, and Cerro Gálan (Fig. 1) are restricted to the thick crustal regions of the central Andes. These fields likely represent largescale crustal melting, and suggest a petrogenetic origin associated with plateau construction de Silva, 1989; Francis et al., 1989; Kay et al., 2010; Salisbury et al., 2011) . Rear arc composite cones such as Tunupa, Uturuncu, and Tuzgle are located between 70 and 120 km from the rear arc and are generally composed of intermediate compositions similar to volcanoes of the frontal arc (e.g., Davidson et al., 1991) , with subtle differences in major-and trace-element geochemistry (Sparks et al., 2008; Kay et al., 1994; Michelfelder et al., 2013) . The most mafic rear arc lavas are generally associated with smaller-volume, monogenetic, calcalkaline lavas, shoshonites, and other alkaline lavas (Déruelle, 1991; de Silva, 1992, 1995; Redwood and Rice, 1997; Hoke and Lamb, 2007; Carlier et al., 2005) .
In the southern Altiplano transect, a similar range of eruption styles and compositions as the entire plateau is represented. The eastern region is dominated by the early Miocene to Quaternary Los Frailes volcanic plateau, covering a surface area of ~8000 km 2 , with an eruptive volume of ~2000 km 3 (Jiménez and López-Velásquez, 2008) . West and north of Los Frailes, latest Oligocene to early Miocene basaltic and shoshonitic lava flows and sills crop out with mid-Miocene, Pliocene, and Quaternary monogenetic lavas de Silva, 1992, 1995; Redwood and Rice, 1997; Hoke and Lamb, 2007) . Tunupa is located in the central Altiplano, forming the eastern part of an E-W-trending, late Oligocene to Quaternary volcanic field, known as the Serranía Intersalar (Leytón and Jurado, 1995) . The western edge of the Serranía Intersalar is marked by the Quaternary Sillajhuay composite volcano (Salisbury et al., 2013) , located within the region of diminished late Pleistocene frontal arc activity known as the Pica Gap (Wörner et al., 1992 (Wörner et al., , 1994 (Wörner et al., , 2000a , between Isluga and Irruputuncu volcanoes (Fig. 2) .
Compositions, and proposed petrogenetic sources and melting mechanisms, of the Cenozoic rear arc magmatism in the central Andes vary widely. Mantle-normalized trace-element patterns, including those from the more mafic samples, generally fall along a spectrum between rare intraplate (ocean-island basalt [OIB]-like) signatures and the more common, arc-like signatures (e.g., Kay et al., 1994; Redwood and Rice, 1997; Hoke and Lamb, 2007; Jiménez and López-Velásquez, 2008) . As clearly demonstrated in the postcollisional, potassic lavas from the Tibetan Plateau, melting to produce arc-like trace-element patterns in orogenic plateau settings does occur in the absence of active subduction, and the mantle lithosphere is thought to be a major source of these melts (e.g., Turner et al., 1996; Williams et al., 2004) . Derivation of melts within hydrous, mica-bearing mantle lithosphere has been argued in the central Andes for potassic magmas in both the rear arc regions of the northern Puna (Déru-elle, 1991) and the northern Altiplano (Carlier et al., 2005) . Although the proposed, plateau-wide, catastrophic delamination event between ca. 10 and 6 Ma (Garzione et al., 2006) is controversial (e.g., Barnes and Ehlers, 2009) , the removal of large amounts of mantle lithosphere has been implicated in the generation of the voluminous ignimbrites beneath the volcanic centers of Los Frailes and Gálan (Kay et al., 1994; Myers et al., 1998) . Melting accompanying such large-scale foundering events may be dominated by asthenospheric upwelling, whereas the removal of smaller (50-1 km) blocks may result in the heating, dehydration, and melting of the mantle lithosphere, producing the smaller-volume, discrete episodes of central Andean Plateau magmatism (Drew et al., 2009; Ducea et al., 2013) .
Much of the uncertainty of possible petrogenetic sources (asthenosphere, mantle lithosphere, continental crust) in the central Andes is due to a lack of detailed knowledge of potential end-member compositions. Further complicating the spatiotemporal and geochemical patterns of central Andean Plateau lavas are variations of slab dip (e.g., Ramos et al., 2002; Mamani et al., 2010) , variable degrees of partial melting (e.g., Kay and Kay, 1993; Kay et al., 1994) , and assimilation of heterogeneous crustal material (e.g., Davidson et al., 1991; Davidson and de Silva, 1995; McLeod et al., 2012) , as well as the possible influence of subducting aseismic oceanic ridges and subduction erosion of the forearc (Kay and Mpodozis, 2002) . It is within this uncertain context that we examine the rear arc composite Tunupa volcano and regional rear arc magmatism. A better understanding of the temporal, spatial, and geochemical history of the plateau is a key factor in resolving the petrogenetic-tectonic relationships in orogenic plateaus such as the central Andes.
METHODS

Sample Collection
Samples of individual lavas were collected at the lowest and highest accessible stratigraphic locations on the Tunupa edifice (Fig. 3) . Care was taken to collect the freshest samples and to remove weathering rinds, although many samples are slightly altered, with oxidized mafic phenocrysts common. A single lava sample from the highly eroded edifice of Huayrana was also collected and analyzed.
Geochronology and Geochemistry
The 40 Ar/ 39 Ar analyses of groundmass glass separates were performed at the University of Wisconsin Rare Gas Geochronology Laboratory. In the absence of sanidine, groundmass separates were preferred for this study over biotite and plagioclase separates, as recent geochronologic studies of the central Andes have demonstrated that these phases often result in imprecise and inaccurate ages (e.g., Hora et al., 2010; Salisbury et al., 2011) . Furnace experiments were Jicha et al. (2012) . Ages are reported with 2s analytical uncertainties and were calculated relative to a Fish Canyon standard age of 28.201 ± 0.046 Ma (Kuiper et al., 2008 ) and a value for l 40 K of 5.463 ± 0.107 × 10 -10 yr -1 (Min et al., 2000) . Whole-rock major-and trace-element analyses (Table 1) were performed at the GeoAnalytical Laboratory at Washington State University-Pullman. Whole-rock major-element concentrations were analyzed by X-ray fluorescence (XRF) using lithium tetraborate fused beads and a Rigaku 3370 spectrometer with a Rh target. Trace-element concentrations were measured by XRF and inductively coupled plasma-mass spectrometry (ICP-MS). In cases where the same element was measured by both methods, ICP-MS results are reported. See Johnson et al. (1999) and Knaack et al. (1994) for complete analytical details.
Results
Phenocryst modal percentages of Tunupa lavas range from 15% to 30% and consist of plagioclase, clinopyroxene, amphibole, biotite, oxides, and rare orthopyroxene and olivine. Apatite and zircon are observed as accessory phases. The groundmass varies from glassy to crystalline with microlites of plagioclase comprising much of the matrix. Disequilibrium textures of plagioclase, including sieved, or mottled, cores with clear, euhedral overgrowth rims (e.g., Tsuchiyama and Takahashi, 1983) , are common. Stratigraphically consistent weighted mean plateau ages are reported for two Tunupa flows, one pumice sample and one lava dome (Table 1 ; Fig. 4 ). Plateaus consist of at least three contiguous steps containing >50% of the total 39 Ar released and having ages that agree within 95% confidence limits (Renne, 2000) . These ages indicate edifice construction between 1.55 ± 0.01 and 1.40 ± 0.04 Ma, and they are significantly younger than the K-Ar ages reported by Baker and Francis (1978) .
Downward-trending age spectra without obvious plateaus are also reported for two Tunupa flows, one Tunupa dome and the Huay rana sample (Fig. 4E ). These spectra may indicate 39 Ar recoil or may be related to heterogeneous alteration of the groundmass. In these cases, we use the total fusion ages with caution, three of which fall within the preferred age of Tunupa construction (Table 1 ). The total fusion age of 10.95 ± 0.02 Ma for Huayrana is within uncertainty of the 11.1 ± 0.4 Ma K-Ar whole-rock age of Baker and Francis (1978) . 
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Major and Trace Elements
Tunupa whole-rock compositions (Table 2) comprise a high-K, calc-alkaline suite that ranges from 60 to 66 wt% SiO 2 , with MgO < 3% and K 2 O > 2.9%, typical of differentiated magmas of the central Andean arc and rear arc. Major-element trends are generally well defined, with increasing SiO 2 accompanied by decreases in CaO, MgO, FeO*, and TiO 2 , and increases in K 2 O (Fig. 5) . Na 2 O concentrations are generally higher than K 2 O and are not defined by a linear trend. Dome samples plot at the silicic end of the Tunupa major-element trends, with an ~2 wt% gap in SiO 2 between the flows and domes. The Huayrana sample is transitionally shoshonitic and similar to the Tunupa domes with respect to major elements.
Mantle-normalized trace-element patterns of Tunupa and Huayrana lavas are characterized by enrichments of large ion lithophile elements (LILEs) relative to high field strength elements (HFSEs) (Fig. 6 ). Tunupa and Huayrana rare earth element (REE) patterns are steep ( Fig. 6 ; La/Yb n = 20-55, Dy/Yb n = 2.0-2.7). With increasing SiO 2 , most HFSEs show only moderate variation, whereas the middle to heavy REEs decrease, and Rb and Ba increase (Fig. 7) .
DISCUSSION
Comparison to Regional Lavas of the Central Andean Plateau
The Pleistocene Tunupa volcano shares morphological, temporal, mineralogical, textural, and compositional features characteristic of previously studied composite centers of the central Andes (Salisbury, 2011) , consistent with an overall similar pattern of differentiation during ascent through, and interaction with, the thick Andean crust (e.g., Wörner et al., 1988; Davidson et al., 1991; Feeley and Davidson, 1994; Grunder et al., 2008 Gardeweg et al., 1998) , although considerably higher than lavas from the ≤1 Ma Aucanquilcha (0.04 km 3 /k.y.; Grunder et al., 2008) and Uturuncu (0.14-0.27 km 3 /k.y.; Sparks et al., 2008) edifices.
Tunupa lavas are typically high-K, calc-alkaline, plagioclase-dominated trachyandesites to trachydacites, with evidence for magma mixing including disequilibrium plagioclase textures and rimward increases in An content of many plagioclase phenocrysts (e.g., Tsuchiyama and Takahashi, 1983; Salisbury, 2011) . Mixing is a common process in many composite cones of the central Andes (Davidson et al., 1991; Ginibre and Wörner, 2007) and may be necessary to facilitate eruption in the central Andes, as well as arc volcanoes worldwide (Kent et al., 2010; Kent, 2013) . The strongly fractionated REE ratios of Tunupa and most other central Andean Plateau lavas imply a significant role for garnet, commonly attributed to magma differentiation at the base of the thick Andean crust (Hildreth and Moorbath, 1988; Davidson et al., 1991) .
Major-element concentrations generally fall within the range for Parinacota and Aucanquilcha lavas, with the exception of TiO 2 values, which are higher at Tunupa for a given wt% SiO 2 (Fig. 5) . Despite overall arc-like patterns on mantle-normalized diagrams (Fig. 7) , HFSE compositions are enriched within Tunupa lavas, with the most pronounced enrichment in Nb and Ta (Figs. 5 and 6 ). The predominance of Nb and Ta (fewer Ta analyses are available in the literature) is apparent in nearly every trace-element ratio involving these elements, including those relative to the less mobile HFSEs such as Nb/Zr (Fig. 8) .
Available data from the southern Altiplano rear arc show that the observed Nb-Ta-Ti enrichment at Tunupa is ubiquitous in lavas from the Quaternary centers of the eastern Altiplano and Eastern Cordillera (Figs. 2 and 5-8 ). This enrichment is apparent in both ratios and concentrations, and it suggests a distinct, rear arc, high-Nb (>~18 ppm) compositional domain. In contrast, available data for Nb concentrations of Quaternary lavas from the southern Altiplano frontal arc average less than 12 ppm (Mamani et al., 2010) . The Nb-Ta-Ti rear arc enrichment appears to be plateau-wide and is apparent in rear arc lavas including from composite cones such as Uturuncu (Sparks et al., 2008; Michelfelder et al., 2013) and Tuzgle in the northern Puna and the <7 Ma mafic lavas of the southern Puna (Drew et al., 2009) , as well as the shoshonitic and alkalic lavas from across the plateau (Déruelle, 1991; Carlier et al., 2005) .
Crustal versus Mantle Sources for Nb-TaTi Enrichment
A long-standing debate of central Andean frontal arc magmatism concerns the relative involvements, and influence in trace-element systematics, of the asthenosphere, mantle lithosphere, and continental crust (Hildreth and Moorbath, 1988; Rogers and Hawkesworth, 1989; Davidson et al., 1991) . Rear arc magmatism is similarly controversial, with the added complication of poorly constrained models for melt generation. In the southern Altiplano rear arc, de Silva (1992, 1995) attributed the higher Nb/Zr ratios relative to the frontal arc as likely due to lower degrees of partial melting related to a diminished slab flux. Lower degrees of partial melting of mantle peridotite, however, would promote higher abundances of the more incompatible trace elements, and lower values of ratios of Nb relative to more incompatible elements such Th and U. Although there is overlap in the data (Fig. 8) , such trends are gen- Geochronology and geochemistry of Tunupa volcano, Bolivia | RESEARCH www.gsapubs.org | Volume 7 | Number 2 | LITHOSPHERE erally not observed in Tunupa and eastern Altiplano rear arc lavas, particularly with respect to the well-studied Quaternary lavas from Aucanquilcha and Parinacota. Furthermore, geodynamic modeling of subduction zones with geometry comparable to the central Andes generally does not support significant amounts of melting by slab dehydration at large (>100 km) distances behind the frontal arc (Grove et al., 2009 ). Thus, although lower degrees of partial melting related to a diminished slab flux in the rear arc cannot be ruled out definitively, it is unlikely to explain the high-Nb, rear arc geochemistry.
In a seminal study of arc volcanoes along strike in the southern volcanic zone of the central Andes, Hildreth and Moorbath (1988) concluded that northerly increases in such mobile elements as K, Rb, Th, and U are best explained by increased involvement of thick, continental crust. Many of these same elements were also implicated by Michelfelder et al. (2013) , who argued for increased involvement of older, more felsic continental crust in the rear arc at Uturuncu volcano compared to the frontal arc. Although crustal contamination is likely in most, if not all, lavas of the central Andean Plateau, we believe it is unlikely to explain the observed rear arc enrichment in Nb-Ta-Ti. Whereas K, Rb, Th, U, and La all increase with increasing SiO 2 at many individual central Andean centers, including Tunupa, Aucanquilcha, Ollagüe, Uturuncu, and Parinacota, Nb and Ta concentrations show very little variation with SiO 2 , suggesting that Nb and Ta concentrations are not strongly affected by crystal fractionation or crustal assimilation in the central Andes. Furthermore, Nb concentrations are relatively low in average continental crust (~12 ppm; Hawkesworth and Kemp, 2006) as well as in the limited exposures of pre-Cenozoic Andean basement rocks (average = 12.5 ppm, n = 76; Damm et al., 1994; Wörner et al., 2000b; Lucassen et al., 1999a) and crustal xenoliths (average = 14.4 ppm, n = 34; Lucassen et al., 1999b; McLeod et al., 2013) .
We consider the most likely source for NbTa-Ti enrichment to be the subcrustal lithospheric mantle. The association of Nb with Ta and Ti, and their enrichment in alkaline magmas that are generally assumed to derive from metasomatized mantle lithosphere (e.g., Best and Christiansen, 2001) , has long been recognized (e.g., Parker and Fleischer, 1968) . The most likely hosts for Nb and Ta (as well as an important host for Ti) in metasomatized mantle lithosphere are the volatile-bearing phases of amphibole and phlogopite (Ionov and Hoffman, 1995; Kepezhinskas et al., 1996; Grégoire et al., 2000) . Analyses of mantle xenoliths show that amphiboles and micas from metasomatic veins are highly enriched (50-200-fold) in Nb and Ta compared to primitive mantle and are characterized by high (Nb,Ta)/(Th, U, LREE) values (Ionov and Hofmann, 1995) . Ti-oxides (rutile, ilmenite) can contain much higher concentrations of Nb and Ta but are not common mantle minerals (Ionov et al., 1997; Kalfoun et al., 2002) . Long-term subduction along the western edge of South America, including periodic episodes of low-angle subduction, could directly hydrate the mantle lithosphere (James and Sacks, 1999; Haschke et al., 2002) , resulting in a metasomatized mantle rich in Nb-TaTi-bearing, hydrous mineral phases beneath the pre-Andean Plateau region.
Cenozoic arc and rear arc, mantle-derived xenoliths and primary alkaline magmas are absent in the central Andes (Lucassen et al., 2005) , and as a result, no direct estimates of mantle compositions are available for this time frame. However, studies of Nb-rich alkaline lavas and metasomatized mantle xenoliths from eruptions that predate Cenozoic plateau development provide evidence for the presence of ancient, Nb-Ta-rich, metasomatized lithospheric mantle beneath what is now the central Andes (Lucassen et al., 2005; Lucassen et al., 2007) . Viramonte et al. (1999) described amphibole + Ti-rich phlogopite + apatite veins in preplateau mantle xenoliths and suggested that such veins served to enrich the Cretaceous lithospheric mantle. Such material would also be a viable source for Nb-Ta-Ti-enriched components in younger plateau magmas.
Delamination of the Mantle Lithosphere and Plateau Melt Generation
As the metasomatized lithosphere provides a viable source for the Nb-Ta-Ti-rich central Andean rear arc magmas, lithospheric delamination is a likely mechanism to trigger mantle melting. Although the details of the timing, scale, and physical mechanisms for delamination in the central Andes remain a matter of focused research, geophysical and structural evidence is consistent with the removal of large amounts of the mantle lithosphere and mafic lower crust beneath the central Andean Plateau during Cenozoic shortening of the Andean orogeny Whitman et al., 1996; Myers et al., 1998; Beck and Zandt, 2002; Yuan et al., 2002; McQuarrie et al., 2005; Barnes and Ehlers, 2009; Kay and Coira, 2009 ). Displacement of mantle lithosphere to greater depths and higher pressures is expected to result in the breakdown of hydrous phases, leading to dehydration melting (e.g., Elkins-Tanton, 2005 ) of the surrounding material (Fig. 9) . If, as detailed herein, these phases also serve as a significant host for Nb-TaTi, melts generated from this process would also be expected to be enriched in these elements. Delamination may also trigger dry, decompression melting of upwelling asthenosphere, and it is likely that multiple source components are involved in rear arc, plateau magmatism (e.g., Redwood and Rice, 1997) , resulting in a wide range of magma compositions. We argue here that the Nb-Ta-Ti enrichment may be an important indicator of increased involvement of the mantle lithosphere, whereas magmas with lower relative Nb enrichments may reflect a higher proportion of the convecting mantle.
In the rear arc of the southern Altiplano segment, the discrete episodes of mid-Miocene and younger plateau magmatism may each be related to small-scale delamination events (Ducea et al., 2013) . If this is the case, the ca. 11 Ma, Nb-Ta-rich Huayrana lavas indicate that this process had begun in the region by this time. It remains unclear if older magmatism (late Oligocene-early Miocene) of the region was related to small-scale delamination, or to a much larger episode of lithospheric removal and slab steepening (Hoke and Lamb, 2007) . Small-scale delamination and accompanying Nb-Ta-Ti-rich magmatism may have then continued across the southern Altiplano rear arc throughout the late Miocene to recent time, resulting in the monogenetic magmatism of the eastern Altiplano and the composite Tunupa lavas at ca. 1.55 Ma. The relative proximity to the frontal arc and general similarity in composition and morphology may also indicate a subduction influence in the Tunupa lavas. Nb-Ta-Ti enrichments observed in rear arc, orogenic lavas that erupted across the central Andean Plateau (Déruelle, 1991; Schreiber and Schwab, 1991; Carlier et al., 2005; Drew et al., 2009; Michelfelder et al., 2013; Hoke and Lamb, 2007; Jiménez and López-Velásquez, 2008) suggest that a plateau-wide relationship exists among piecemeal delamination, mineral dehydration within the mantle lithosphere, and the generation of Nb-Ta-Ti-rich magmatism in restricted centers (Figs. 8 and 9 ). Therefore, further refinement of the time scales, volumes, and compositions of central Andean Plateau volcanism may help to further constrain the spatiotemporal dynamics of plateau delamination.
On a global scale, we also note that similar Nb-Ta-Ti enrichments are observed in the mantle lithosphere-derived magmas from the Tibetan and Turkish-Iranian Plateaus, implying that this relationship may be a global phenomenon ( Fig. 8 ; Nomade et al., 2004; Williams et al., 2004; Zhang et al., 2008; Allen et al., 2013) . Many of the magmas from the southern Puna, Tibet, and Turkey-Iran are considerably more mafic (<55 wt% SiO 2 ) and are argued to contain little to no contributions from the continental crust (Williams et al., 2004; Drew et al., 2009; Allen et al., 2013) . A key implication of this study is that the Nb-Ta-Ti enrichment remains apparent in lavas that have received significant additions from the continental crust, such as those from Tunupa volcano. We, thus, suggest that the Nb-Ta-Ti signature may be useful in identifying a hydrous-mineral-bearing mantle lithosphere component in regions where concentrations of K, Rb, and Ba may be strongly influenced by crustal contamination.
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